Objectives: This study examines the effect of age on rate of cognitive decline in different stages of dementia, of nursing home and assisted-living residents.
T he world's population is rapidly aging with rising prevalence of dementia. 1 To enable familial financial and residential planning, patients and caregivers should understand the pattern of cognitive decline throughout the entire course of dementia and in predementia stages [cognitively normal elderly and mild cognitive impairment (MCI)]. Such information is also necessary for the design of clinical trials. The progression of dementia is not linear and tends to be slower in the early and late stages of the disease and faster in the middle stages. 2 Early disease progression 3 and dementia status at baseline 4 also affect rate of decline.
The effect of age on dementia progression may differ from its effect on dementia onset. Age is associated with the prevalence and impact of some modifiable risk factors for dementia such as diabetes 5, 6 ; therefore, it is the most important single risk factor for dementia. 7 Thus, primary and secondary dementia prevention strategies (namely those associated with risk factor modification) may differ according to age. Nonetheless, earlier studies [8] [9] [10] found no association between age per se and the rate of cognitive decline.
Residents of supporting care facilities [ie, assistedliving facilities (AL) and nursing homes (NH)] have more dementia, morbidity, and mortality 11 than community residents. An increasing proportion of the elderly population 12 live in such long-term facilities, but dementia may not be recognized until late stages of the disease, 13 preventing timely treatment and proper management.
The aim of this study was to examine the effect of age on cognitive decline in residents of supporting care facilities, and to determine whether this effect differs according to the stage of the disease. Therefore, we assessed the interaction of linear and quadratic age with the rate of cognitive decline and included baseline cognitive status [measured by Clinical Dementia Rating (CDR) score] as a predictor in the model.
METHODS

Subjects
The sample consisted of 687 residents of the Jewish Home and Hospital NH, which has been an academic affiliate of the Mount Sinai School of Medicine for over 25 years, and an AL facility, Kittay House, associated with the Jewish Home and Hospital. As part of this affiliation, the Mini Mental State Examination (MMSE) and the CDR scale are administered to all new long-term residents admitted to these facilities. Subjects were included in this study if baseline MMSE score was between 10 and 30, they had at least 1 follow-up assessment, and complete data on CDR, age, sex, race, and level of education. Subjects were not included if they had a baseline diagnosis of cerebrovascular disease, vascular dementia, another non-Alzheimer disease (AD) dementing condition, or a neurologic or psychiatric disorder that might affect cognition, such as Parkinson disease or schizophrenia. Loss of independence in the nondemented subjects (CDR=0) group was because of reasons other than cognitive, usually sensory limitations and physical disabilities. The total number of annual follow-up assessments among the 687 subjects was 2384, and the range of number of follow-up assessments per subject was 1 to 16 (mean 3.5, SD 1.7). The mean follow-up duration was 2.9 years (SD=2.0; minimum=0.134 y and maximum=12.93 y). Subjects with baseline MMSE score below 10 were excluded to minimize floor effects. The follow-up assessments after the subject reached 0 point in the MMSE were also excluded to avoid floor effect confounds.
Assessment Procedures MMSE
Each subject was serially assessed at approximately annual intervals with a MMSE (assessment intervals were within predefined windows of approximately 12 mo to avoid confounds introduced by medical illness and other life events). The MMSE is a commonly used 30-point scale for assessing cognitive function in the following areas: orientation, registration, attention and calculation, recall, language, and praxis. 14 
CDR Scale
The CDR was administered to each participant at the same time as the MMSE. The CDR is an established instrument for the assessment of cognitive function and performance in 6 domains: memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care. 15 An adaptation of the CDR to supporting care facilities 16 was used. The overall CDR score is derived by an algorithm that emphasizes memory. Scores are 0 (nondemented), 0.5 (questionable dementia), 1 (mild dementia), 2 (moderate dementia), and 3 (severe dementia). All psychometricians were certified in the CDR administration. 17 Although the CDR=0.5 category and the diagnosis of MCI are correlated, there are discrepancies in their classifications 18 ; therefore, we did not designate CDR=0.5 as MCI.
As the purpose of this study was to examine the contribution of age to cognitive decline in subjects with different disease stages at baseline, CDR category at baseline [nondemented (CDR=0), questionably demented (CDR=0.5), or demented (CDRZ1)], was an independent variable and the MMSE was the dependent variable to assess cognitive change. Although CDR and MMSE are highly correlated, both were considered as predictors in the analysis as the MMSE reflects cognitive abilities, whereas the CDR more strongly reflects functional capacities. Using both CDR and MMSE in the analysis evaluates the effect of each controlling for the other. The demented group (CDRZ1) was the reference group for the baseline CDR variable in the generalized estimation equation (GEE) analysis.
Covariates
Age was the independent variable of primary interest. A quadratic association with age was included in the model, to allow for examination of nonlinear associations. Sex (male-reference group), race (White-reference groupvs. all other), baseline MMSE, and years of education (trichotomized to <8, 8 to 12, and >12 y for the GEE analysis, with >12 y of education serving as the reference group) were used as covariates because of their known associations with cognitive performance and impairment. 19 
Statistical Analysis
This study included all available data from an ongoing longitudinal study so the starting point of each subject was the entry into the longitudinal study and the "end point" was the last observation.
For the entire sample, sex, baseline MMSE, education, race, and CDR were compared descriptively by age quartile, using Pearson w 2 or F tests. We used a GEE to fit the data. In this model, MMSE at successive follow-up time points was the dependent variable; baseline MMSE, sex, categorized education, and ethnicity were the covariates; and time from baseline, baseline age (centered at its mean) linear term, baseline age (centered at its mean) quadratic term, baseline CDR level, and their interactions were the independent variables. Model fitting was carried out in SAS 9.1.3.
A GEE model differs from the usual model in analysis of variance, in which a main effect for a categorical variable compares means for all levels of that variable with the grand mean, with each mean averaged over all the levels of the other main effects. In a GEE model, all the comparisons refer to the mean of a "reference group"-rather than the grand mean-therefore, the main effect is set at zero for the reference group, and the means of each other level are compared with the mean of the reference group. Similarly, the main effects for other predictors are evaluated in the reference group, rather than the entire sample. Correspondingly, the interactions of a predictor with CDR refer to differences between the effect of the predictor in the reference group and its effects in the other CDR groups. Therefore, the sum of the interaction coefficient for another CDR group and the main effect coefficient for the predictor (pertaining to the reference group) describes the effect of the predictor on the other group. For example, if the effect of a predictor in the reference group is in the opposite direction but similar in magnitude to the interaction for another group, the predictor has little effect on that group. Specifically, in this GEE model, the demented group (CDRZ1) was the reference group for the baseline CDR variable. As MMSE performance was the dependent variable, a negative coefficient of the interaction of an independent variable with time indicated an association with decline in MMSE.
RESULTS
Subject Characteristics
There were 353 subjects in the CDR=0 group, 121 in the CDR=0.5 group, and 213 in the CDRZ1 group. The mean age of the overall sample at baseline was 85.2 years (SD=7.4; minimum=60.9 y and maximum=104.5 y) and mean MMSE at baseline was 23.8 (SD=5.7; minimum=10 and maximum=30). The majority of subjects were Whites (79.9%) and women (73.5%). The mean number of years of education was 13.0 years (SD=3.8), and 45.6% of the subjects had 12 years of education or more (Table 1 ). There were fewer females (P=0.018) and less Whites (P<0.0001) in the youngest quartile, but they did not differ in education, baseline MMSE score, or CDR status. Table 2 presents the coefficients for the GEE model. For the entire sample, sex and education were not associated with follow-up MMSE performance, but baseline MMSE was very strongly associated with cognition at follow up (P<0.0001), which also differed greatly by baseline CDR. Linear age was not associated with cognition in any of the CDR groups. A negative quadratic association of age with cognition approached significance (P=0.05) for the demented group. There was little quadratic association for the other groups, as their interactions were in the opposite direction from the association for the demented group, but of similar magnitude.
There was a very strong negative association of cognitive performance with follow-up time (coefficient= À1.85, P<0.0001), indicating decline over time in the demented reference group. There were also very strong positive interactions with follow-up time (ie, in the opposite direction of the effect in the reference group) for the nondemented (coefficient=1.63, P<0.0001) and questionably demented (coefficient=1.54, P<0.0001) groups, indicating that these groups differed from the reference group by not declining substantially over time.
Association of Age With Rate of Cognitive Decline
There were no significant interactions of linear age effects with time. The interaction of follow-up time with quadratic age approached significance (coefficient=0.0033, P=0.07), suggesting that in the demented reference group-for which there was substantial decline-the youngest and oldest subjects tended to decline relatively less than subjects at intermediate ages. The 3-way interaction for the questionably demented group was stronger (coefficient= À0.0052, P=0.02), but in the opposite direction, indicating that for that group, the youngest and oldest subjects tended to decline relatively more. For the nondemented group, the interaction was also in the opposite direction from the reference group (coefficient= À0.0029, P=0.13), but of similar magnitude, indicating no substantial quadratic association of age with rate of cognitive decline for nondemented subjects. Figure 1 shows the modeled slope at different ages for the 3 CDR groups. For all ages, there was little decline in the nondemented group. Questionably demented subjects below 90 years of age declined less than a half point on the MMSE per year, but older subjects declined more (Fig. 1) . In contrast, demented subjects above 70 years of age, declined by more than a half point per year, with many declining by 1.5 points.
DISCUSSION
This study examined the effects of age on rates of cognitive decline as measured by the MMSE in a sample of NH and AL residents. There were no consistent patterns of association of age with rate of cognitive decline for the entire sample, consistent with associations that differed according to baseline cognitive status: age was not associated with rate of cognitive decline in the group that was cognitively intact at baseline, in the questionably demented group, the oldest tended to decline faster; and in the demented group, subjects in the intermediate-age groups tended to decline faster. It must be noted that rates of decline are estimates of average, with considerable variation among individuals.
NH and AL residents constitute a rapidly growing segment of the population which carries high morbidity rates, 20 and a higher risk for cognitive impairment and dementia, 21, 22 compared with community residents. NH placement has been shown to be associated with an accelerated rate of cognitive decline. 23 As age is associated with proneness to dementia, 7 we expected higher age to be associated with higher rate of cognitive decline in this vulnerable population. Our results however, showed that the association of age with rate of cognitive decline was not homogenous, and differs in direction and extent between cognitively normal, questionable demented, and frankly demented subjects (Fig. 1) . The quadratic effect of age was strongest for the demented subjects, where the intermediate-age groups declined fastest, and more subtle-and in the opposite direction-for the questionably demented, where the oldest declined fastest.
The brains of cognitively intact subjects, even at extreme ages, may be resilient to subtle effects of age, explaining the lack of association between scores on the MMSE over time and increasing age. In the questionably demented group, the association of age on rate of cognitive decline has a J-shaped curve, in which the oldest old declined the fastest. These results may reflect increased amounts of neuropathology and/or decreased amount of brain reserve 24 in the oldest questionably demented subjects, who may be more frail and less resilient to the effect of age on cognitive decline than the cognitively intact and the youngest and intermediate age questionably demented, who may still have available reserve. Alternatively, the MMSE may have a ceiling effect, precluding its sensitivity to the effects of age on rate of cognitive decline in the most cognitively intact subjects. 25 This possibility, however, is less likely for the questionably demented group, as in another study of this sample, questionably demented subjects were particularly affected by other risk factors. 26 In the frankly demented group, lower rates of cognitive decline were observed in the youngest and oldest subjects. This association may resemble the course of dementia, which is slow during the early and very late stages of the disease and faster in the middle stages. 2 Other studies differed from ours in their findings regarding the effect of age on rate of cognitive decline in demented subjects: Higher age was associated with faster decline in the MMSE in a longitudinal study of AD patients with a mean baseline MMSE score of 11.2 (range: 1 to 22) and a mean age of 79.5 years (age range: 52 to 102 y). 27 The discrepancies between these results and those of our study may be explained by the lower baseline MMSE, reflecting a more advanced dementia compared with that in our study. Alternatively, although the age range of the entire sample is similar to that in our study, the mean age is similar to that of one of intermediate groups in this study, in which higher age was associated with faster cognitive decline. Thus, the effect of age on rate of cognitive decline may be similar to the one observed in the intermediate-age demented group in this study. Age was not associated with the rate of cognitive decline in demented memory clinic subjects, 8,28 very old individuals from a community-based sample (mean age at baseline=83 y), 10 and in AD subjects from a populationbased longitudinal study. 9 In some studies, the interaction of age with other factors, rather than age per se, was associated with rate of cognitive decline. Demented subjects aged 85 years or above, who had cardiovascular risk factors demonstrated a more rapid rate of cognitive decline than similarly aged individuals without these risk factors or younger subjects with cardiovascular risk factors. 9 Cognition declined faster in demented subjects with cerebrovascular disease compared with subjects with probable/possible AD uncomplicated by cerebrovascular disease in subjects aged 80 years and above. Conversely, in demented subjects younger than 80 years, presence of cerebrovascular disease was associated with a slower rate of cognitive decline. 29 A possible interpretation may be that the effect of age by itself on brain pathology is subtle and not always measurable; this effect may potentiate the effect of other factors that affect brain function. 30 Alternatively, the effect of age on cognitive decline may reach an asymptote in the preclinical and early stages of dementia and be overshadowed by the dementia process thereafter. 31 In nondemented elderly, memory loss over time may be more strongly associated with progression of preclinical dementia rather than with chronologic age. 32 This is compatible with the lack of age effect on rate of cognitive decline in cognitively normal participants of this study and accelerated rate of decline in the oldest questionable demented participants.
This study adds an additional aspect to the complexity of the association between age and rate of cognitive decline, showing that the direction and amplitude of this effect differs according to the stage along the course of cognitive decline. These join other factors that have been shown earlier to affect the association of age and cognitive decline, such as comorbidities and type of dementing process. 28, 33 Stratification of subjects according to dementia type was beyond the scope of this study, but diagnosis of frontotemporal dementia, vascular dementia, and other non-AD dementing conditions were exclusionary criteria for inclusion in this study. Thus, the effect of macrovascular pathology was partly abated, but the potential contribution of incident macrovascular and microvascular pathology to cognitive decline was not measured in this study.
The strengths of this study are the relatively large sample, with a broad age range ranging from 60 to 105 years (and an upper quartile of ages above 90 years).
